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Abstract

To produce an acceptavle alectron beam, the
Dual-Axis Radiographic Hydro~ynamic Test (DARHT)
Facility acceleratore requ re high-voltage
pulses that are flat to within 11 for 65:5 ns.
Achieving this accuracy and pulse duration ir
oparation on the Inteqrated lest Stand (a 1ull-
scale prototype of the DARHT 4-Mev injector and
tirat aight linear induction accelerator cvells)
has required fine-tuning seiected components 1n
the injector pulsed power «ircuitc. ioeveral
clircuit analysis codes are used to analyze
circuit pertormance and to predict the ettectn
ul componer* changes. l'our cases arc¢ presented.
{1) I'he center conductor ! an cethylene qlycol
rtransmission linc was tapered to compensate or
4 4-5% tilt ot the ftlat-top portion ct the
injector voltage waveatorm. (2) The miXture ol
vater-qlycol solution used 1n the blumlein
"peaking" section was changed to compensate tor
a 2% hump in the tlat-top portion of the voltage
wavetorm. (3) Confirmation was provided that
obrurved changes in pulse shape could bu caused
by c¢hangea in dielectric ronatant o! the
ethylene qlycol used in the Hlumlein, caused by
hygroscopic absorption of water vapor. (4) A
dampillg recintor wan added in meries with tne
Blumlein aanter conductor to  reduce: the
ampl itude of low=-1 requency, poLit=pulue
oscillationn that were causing late—-tame flash-
overn of the vacuum insulator,

Introduwtion
The hual-Axin Rad iaqraphice lydroTe:nt
{DARIIT) !acility at Los Alamox will une two 1n-

tn li=Mev electron beam accalarators to proouace
hiagh-renuvlation flagh radiographsn ol
hydrodynamic experimen-n. Each accelerator will
ne 3 4-Mev injector and a neriesn of 240 kV
Hinear  anduction eellan to produce ot kA
olecr on beam lanting no nn. An Inteagqratrd Tenl
stand (I'TH) haa heen conttructed to tent the
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tirst injector and eight inducticn cells. Lt has
been in operation since Januvary 1991, and has
successtully achioved S1X milestounes to
demonstrate systam pcerrormance prior to final
construction approval.

To gaenarate a high quality electron beam in
the DARHT Facility inposes very hiqgh pertormance
requirements on the pulsed power nystems. For
axample, the injector circuits must produce a 4-
MV pulse or 100 ns duration, with a risetime ol
17 ns and a talltime ot 20 ns. he flat-top
portion ot the pulse must be flat to 41%, and
have duration 65!% ns. The overall nysntem
iitter must be less than &% no.

The vendor ot the injecrer pulsed power
system achleved these stringenr specifications,
veritied by an acceptance test proaram conducted
1nto a dummy load [1}). Since 1nstallation in the
ITS at Los Alamos, the pulsed power syatem has
operated with hiqgh reliability and repeatability
[2): howaver, it came as no surprise that it wae

necessary to trim the system to meet the
required pertormance specifications, once the
complete system was aosembled. This paper
describes several modificationn made to the

injector, and circuit simulationn pertormed
prior to the modiflcations to predict system
pertormance. Two of the modifications involved
trimming components: to produce pulse shapes
within the 1% tolerance. Another i1nvestigation
involved tinding the reanon for a mystarious
chanae in the waveiorm:s following an extended
nyntem shut -down. The fourth mnditication war tn
insert o dJdamping resigter in the Blumlain
chanaing creult to reduce the amplitude of a
late=time 1oversed voltage that wan contributing
ta tlanhovera ol the dinde innulator.

Injector Clreuit Model:

Figure 1 ix a diagqram of thoe ITH ininctor,
ARl capacitor bank 1a charged to 112 kV oaned
dincharged through a 1510 atep-up tranaformer tee
pulsne charge the 14 M ethylene gqlyeol Blumlein
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"G i.4+4-MV 1n 4.3 6. The Rlumlein discharaes
-hrouqh tcur i1aser-triggerea ‘'~ %) Jaa sWitches
-1.TGS) r» produce a 1.8-MV ocutput pulse. The
“nltwe {:  rranstormed up s lLhe nulse
: ropagates through two glycol transmiss.ion !ines
{15 ns leng, with impedance 23 f and .. W) and
:n o1l=-tilled rransmigsion line (5] ns luna and
‘. W, *n the diode. 'he aiode has a radial
"iquid resistor of 174 ] in parallel with the

impedance oL the A-~K dioda (about 1500 L) to
produce a 120 ]l load. The voltage .atr the 1nput
to the second glycol line 15 2.1-MV; at the
input to the oil line, J.0-MV; and at the clicde,
1. 0=-MV.

Caretul attantion was qivan
to the component impedances, and to the ertect
+uch has on the pulse length and | latneus,
Jetairled circuit modaly were ucsveloped wnich
1lva particular attention to rransmission 1ines,
13 this {3 a componant that is particularly
1Ltficult ' model in most circuit cades. he
principal circult code used in the unsian pnase
vis  {LCODE '], bacause or :ts nparticular
clrfcacy ' nandling transmisgion ined.

1n the desiqn

“ovelopment ot circuit models has continued
lurina operation at Los Alamos. I'TCODE 1:1 srill

nded, lut we also ume Microcap-IIT and -1V 4],
w#hich are commercially available HPICE-hased
proarams with transmission line rodels. wWhen
results are compared from the two c¢odes, 'hey

1ancrally anree to within 1-2%t.

A typical circuit model tor the
r'ircuits containg over %0 components, including
12 transmission linem, and ia too complex tn
raproduce here. We have qradually i1ncluded more
rotinemante in the model, but :t i5 utill
difficult to reproduc®= rlatailn it the
oxparimental waveforms to within 41. We halliove
rhat szome ot this is due tn etfects, Huch an
Jdlspersion and mnmultir.e maden, "hat re
difficult to modal with vircuit cvoden,

injectar

We arn continuing to davelop more retined
madela !or the nyatam and (nr  ocamponents,
1ncluding ! roquancy-rdepandent model s tor
t ranamisslon lineR to avcount for akin-—etfect
and dirlectric dingipation, uning Microcap-iv.
We have nuccoasfully modeled the nkin-effoct
attenuation of nmall-nignal cablaon; however, the

moadel ix nrill too crumbarsome and tnlow when the
cireust containmn more than thres tranpsmistion
V.

Vinew,

opp'te the ddlfficulty of  ‘he prenent
modaln to reprodues the detalla of the waveiorm:
to within 11, tt in ntill poasible Lo make
unetuil predictions of propoged aybatem chanogen.
I'ha 1ol lowing aect fona degerihe tour amilat ionn
which wore nneeesasful enouah to produes the
domrred tenat b,

Tapering ot cented cunduvtorg ol lycol inen

In e ly 1991, the T4
tor naveral montha Lo pepair damage done by o
Mumlein ieakdown and 1o maka  aechanteal
Improveamantn Lo pravent. a tepanl occirreiens. I'hin
ahlut ~down wam  an upportunity to improve he
waveshapa of the voltage on (he dionde, 1t had
hisen vbamived that the rlat-top portion of the
~nole voltlage had abhout 6% ramp from ntart to
rininh. Thir wam producing too much apread in
suergy in the electron heanm,

facility wan down

Sevaral solutions wera considered, but 1t
wags decided to taper the center conductors of
rthe two glycol transmisaion lines, becauss this
pulse snaping tecnnique had bean used before on
1 similar machine |4}. kather than machining a
linear .taper onto the center (unductors, we
nroduced a one step reduction in diameter &t the
middle or each conductor. ‘umerous simulations
Jere run ro determine now to nerrorm the taper.

In ~he -ontiquration welected, tha
onductor ot the !irst l!ine, which had bean
10,16 cm diamater and 556.] ¢m long (45.5 na),
was steppad in the middle from 12.07 cm to 10.16
vm diameter, producing an 1mpedance change trom
22.3 O to 23.2 Q. The conductor of the second
!ine, which had bean <. 4 cm diametor and 556.3

m long, was stepped from 2.9 cm to 2.54 cm
{rameter, nroducing an impedance rhange trom
.3 W te oo A

This step-taper producced the desired change
.n  wavetorm, iut 1 wWas 1ot aAs much a5
vredicted. :iimulations 1ndicated no ramp in
'mltaae: rxperimentally, T was mcasured to be
' Lh. Wn thiu case, the circult si1mulations were
wory uetul, allowina un o evaluate many
rossible wavs to produce the taber, .although the
‘inal wrouracy wis not as vlose a8 we would
V1Roe,

rramming ol 'cAger ection

'he 1nductance i the |TGS's causes the
inading rdqe ot the output voltage pulsce to ba
rounded. The possible need to rompensate [(or
this rounding was anticipated, and adjustment
was provided in the design by making the f.rat
10 cm ot the outer Blumlein section a "peaking"
spction. Jhis it o tseparate chaimber that can

contain o different tolution trom the 100%
qlycol  uned in the Blumiesn. Filling this
hamber with water jproducan rthe maxim:m

"naaking" »1 *he loadina edan, thareby providing
maximum compenaation. ‘he Jieloctric constant of
‘he nolution can I'n trimmed by mixing water and
lycal 1 *a1lor *he protile ot tha leadina
mjqe.

While 'he nXperiment dan
mechanical noditications, 'he jonqth ot the
peaking noction was 1nereatmd from 10 cm to 20
m. ater, Jhoen the exneriment hevtan oparating,
Lowas teund Chat this change, ‘ogather with
ather chanant that hall heen maude, produced a
heam enmagy punlae acamnred by pectromnter)
ralling ort Yoo moon on the trartl ing esdage of the
pulee, mch that the hoepsm eneragy wan within 1%
tor only ‘0 nn. We docidoed to correct for this
hy chanagina the peaking solut ionp, inee thim
cauld he dona withour dinaraamb] lug rhe nystenm,

-lown tor

T was aanumed tnat

the o loctric connt ant
111 Tthea -alut 1o Al ios

itnearly hotwean 1hn

Heloctrie conatant o1 qlyeol 0 'A) sad that ot
water 1) pPproportional ' the porcentage of
wate! in the sinlution. 1Trom thin

inpamption, tha
impoidance and (delay o1 the pnakel’ nection wans
caleulated and similat o woroe uan until \ha
lagitl correct ton ta tha wavalorm wam obt alned,

The aimulat lonm indicAatad that a mixture or
NPt water-20% glycol wonld have ‘the Jdewmi)ed
affact. of dapransing the rirat half of the pilee
hy about 0. AY and hoosting the rinal part hy
about 10 8%, Whan thim wan trinid sxherinentally,
It workeml perfactly, adding welcone credibil iy
hath tn the model amd to the noadeler.



contamination of Glycol

Another instance of predicting circuit
pertrormance occurred inadvertentlv when it was
sbserved that the voltage at the diode was 4%
.ower ‘*ban before and that the pulse was
Arriving about 5 ns later. This could be caused
i*Y a 4% :1ncreasae in Ssource impedance. !t was
hypothesirzed that during a recent lenqgthy shut-
'own, when the glycol was pumped from the system
into 2 holding tank where the surtace was
exposed to atmosphere, water vapor was absorbed
by the alycol, producing a change 1n dielectric
zonstant.

"averal simulations were run to determine
how large a change had to be made to 1mpeaances
ind .ielays ot tha Blumiein and *wo ‘tlycel
rransmiasion lines to produce such a change in
pulse amplitude. We found that an 8% increase 1n
{ielectric conatant would produce the nanaes
'bserved. Under the assumption that dielectriac
ronstant varies linearly with the percentiaqge !
Jater 'a the nmixture, 1his orresponas v- o oa
“J.ater 1n vhe dlycol.

In this case, it was not neccasary !or the
‘ndes to be very accurate i1n order to contirm
w“hat had happened. it i romarkable rthat the
iniector usyAtem has been =0 itable  ind
reproducible, oven over lunqg periods ot time,
that these cmall changes i1n the waveiorms were
very noticeaple,

bamping oL Late-time Positive Post-tulue

when tha diocde wams operated at hingher
voltaqas (above 1.5-MV), late=timo breakdowns 1
the dlolde woulid otten ha sneen by open shutter
came: an and by photomuitipliera. Tracen o the
anode voltage showed that the brrakdown: ware
occurring at late times, typivally =S altor
the 100 na main voltage pulce was ovar. At thoe
time I the bhreakdownn, the voltage wan
nositive, and  there wam Pow=I1requency
nucillation ocoarring between the 1nductance ot
the sniyntem and the capacitance of the porime
onerdy toradge capaclitor. r‘ho ponit fve pongt-
Milpe wan quite large, typically 11.0-MV (o o
-4,0-MV main pilan. (Hee Fig. . .)

Hoat ot tha hreakdownu appeared to e
mrrace | lanhovers of the diode tnaulator, gl
the 1nuulator wasm able to recover. The tinal
hryaakdown, howavear, was inntde the inaulat or and
loft a carhbontzed arce channel which foreed o
s“hut —down. xamimnat fon of the insulat or osvealod
mimeroun dendriten which, trom tha dirrction ot
branching, appearad to e o miuced when thae
Jaltange on the diordn was 'oves andd,

varjous waym o
onpciliat jone wayre

todquea 'he  latn-t {mn
invent jgatedl. 1V wan dneyded
la 11y Uiy A neries damping 1onititor in the
Nlumlein charading circait, holwonn thn o apt o)
colductnr ot the Rlumlein and the saolat fon
thiductor . Humsrous timilat iong wore run o
determines wvhern tao place the eani-stor and ha
hant valuo of 1esintance 1o uszn. A conpumi e
war nneananary hecatas the roapintor produced a
pamit tva pre-pnlne on the ade during the 4.1
im Rlamlein pulna charga, Hince tha resonance in

1 series LC circuit, increasing the resistance
produces increased damping. llowever, increased

resistance produced an increased pre-pulse
voltage. A limit of 150 kV was placed on this
pre-pulse, to avoid breakdcwns Letore the main
rulse.

A value of 50 U was sclectod as the beat
lompromise. The resistor reduced tha
oscillations to about 0.1i-MV peak, and also
reduced the time that the voltage wam positive.
(See Fig. l.) The experimental changes wers very
-‘lose to the predictad changes.

. ) LI,
. . P pe— S
: VA
b
- 1
9
o
3
——— with musIon
witTHoUt! RFYINTOR
' ' 1 . T ' 1 J
) 29 10
TIMF (pnv)
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arves dampig resystor,
“ummary
soveral crremi . enden have heen usad (o
model the porformance ot the 1745 aiode and j*a

pulsed power drivers.
'he wmodealn

Although tha avcuracy :f
imd are not Wwithin the 13
performance  rragquiremant placed on the IT;
syntom, they have bhoen valuable toolps to all sw
"he siyiitom te moet She 010 tequulioment.
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